Introduction: Certain specific antigens, which behave as oncoproteins, are present in normal fetal/neonatal brain development, and are absent from mature brain tissues: among them, growth factors, especially insulin-like growth factor type I (IGF-I). When IGF-I reappears in the mature brain, this growth factor is over expressed in neoplastic glia, participating in the development of the most common human brain malignant tumor, glioblastoma multiforme, which is invariably fatal. Targeting the IGF-I system has emerged as a useful method to reduce glial malignant development. 
Introduction
The IGF system involves three ligands (insulin, IGF-I and IGF-II), their receptors IGF-I-R and IGF-II-R, and IGF binding proteins (IGFBPs, BP1 to BP6 having been characterized). Both IGF-I and IGF-II are ligands for IGF-I-R. The IGF-I-R competes with IGFBPs for free IGF-I and IGF-II (the affinity of IGF-I-R and IGFBP for IGF-I is generally of the same order of magnitude) [1] [2] [3] . The action of IGF-I on cellular metabolism depends on IGFBPs, which prolong the half-life of this growth factor and modify its interaction with its receptor. IGFBPs have growth regulatory actions that are probably independent of their capacity to bind IGF-I [4] .
The IGF-I is a polypeptide of 76 amino acids, which participates in cell and tissue differentiation, stimulates both foetal and postnatal growth [2] , and particularly neurogenesis and myelinisation [5, 6] . As a mediator of the effects of growth hormone (GH) IGF-I is a locally acting stimulator [2] . IGF-I has characteristics of both a circulating hormone (synthesised by the liver) and a tissue growth factor with autocrine or paracrine properties. IGF-I acts through its binding to a specific IGF-I-R [1, 2, 7] . IGF-I-R is already present at the two-cell stage of development and is especially highly expressed from the time of neural tube formation, although glial cells express relatively little IGF-I-R mRNA [8, 9] .
Methodology:
In practice, in case-control study, when human glioblastoma cells, and comparatively studied primary hepatocarcinoma and colon adenocarcinoma cells derived from cancer biopsy, are transfected in vitro with vectors expressing either IGF-I antisense RNA or inducing IGF RNA-DNA triple helix, the synthesis of IGF-I is stopped on translation or transcription levels, respectively (anti -gene strategy). Three cancer groups of two patients each, cancer stage I, after surgery and radiotherapy, were injected using antisense / triple helix ""vaccines"" of 1 million irradiated cells. The control groups received injected placebo.
Results: Down regulation in the expression of IGF-I coincides with the reappearance of B7 and MHC class I antigens at the surface of transfected cells (immunogenicity). When injected subcutaneously, the transfected cancer cells, "vaccines", initiate an immune reaction involving CD8+ lymphocytes, followed by tumor regression. The glioblastoma patients treated by classical surgery and radiotherapy, were "vaccinated" by three successive injections. The median survival of treated patients was 21 months (current progress in treatment of this disease involves an increase in medium survival from 8-11 months to an average of 15 months, using a chemotherapy). Using the same strategy, the patients with liver carcinoma and colon adenocarcinoma were comparatively treated. The obtained immune anti-tumor response mediated by TCD8 was similar to that of glioblastoma patients.
Conclusion:
The cellular immunogene therapy using anti -gene approach constitutes one of the current efficient therapies of glioblastoma and other malignancies expressing IGF-I. The described methodology applied in Europe, and previously in the USA for glioblastoma treatment, is introduced now in university hospitals of Colombia (Bogota).
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In contrast to IGF-I-R, which is widespread in the developing brain, the expression of IGF-I is principally found in the cerebellum, sensory relay systems and the cortex. IGF-I mRNA, which is relatively scarce in the prenatal state, increases dramatically in the early postnatal-period, followed by a decline over several weeks after birth. During post-natal development IGF-I mRNA is found in the developing hippocampus, and in the anterolateral ventricle subventricular zone, suggesting a potential role in promoting proliferation of glial cells originating in these zones [5, 8, 10, 11] .
IGF-I is involved in neural development, neurogenesis, glial differentiation and glucose metabolism, acting locally in a autocrine/paracrine fashion, with a predominant role compared to other growth factors [2, 12, 13] .
Glial cells, especially astrocytes, are now considered to be involved in the regulation of many neuron functions [14] [15] [16] . In fact, normal brain function is based on neuron activity, which is regulated by glial cells. These functions involve regulation of synaptic neurotransmitters or ion concentrations, providing fuel to neurons, or control of neurogenesis and synaptogenesis [17, 18] . In addition, the astrocyte calcium wave may be considered as a "parallel" electric signal, which can allow cross-talk between astrocytes themselves and between astrocytes and neurons [19] . [5, [27] [28] [29] .
The principal goal of this work -Phase I of cancer gene therapy -was to compare the clinical results obtained using anti gene therapy applied in three different tumors, principally neuroectodermal glioblastoma, and endodermal liver and colon cancers [5, 30, 31] . We expose the mechanism of this therapy based on the results of previously described studies: the immune anti-tumor phenomenon observed in the antisense anti IGF-I treatment of rat and human gliomas and signaled by the increase of CTL CD8 + in the tumor tissue as in peripheral blood lymphocytes [5] . In the presented work, we have used the strategy of combined antisense/ triple helix technologies to prepare the anti-gene IGF-I "vaccines" and investigate an immune response in treated patients with malignant tumors expressing IGF-I.
Material and methods
The IGF-I antisense strategy suppressing IGF-I expression was applied as previously Blood samples were collected before and after vaccinations which corresponded to 2-3 weeks after the vaccine injections. PBMCs were isolated from blood red cells using ficoll-hypaque centrifugation. Flow cytometry analyses were performed as above but using mAbs conjugated to FITC and directed to cell surface markers, namely CD8. Particularly, dual staining were performed using mAbs specific to CD8-FITC and CD11b-PE (phycoerythrin), CD8-FITC and CD11b+PE. The surface markers CD3, CD4, CD19, CD56 were also explored. 
Results
It was observed in the group of patients with glioblastoma that the two control patients without complement immunogene therapy have only survived 9,5 and 10 months respectively while the two other patients receiving injections of cell prepara- Figure  1 a, b, c) . No difference was noticed about cell populations with or CD8+ CD11b+ in PBMCs harvested before and after vaccination. The interesting observation in progress concerned the PBMC subpopulation with CD8+CD28+ phenotype in vaccinated patients. The increased percentage of these cells might indicate a stimulation of immune effectors in patients vaccinated with anti -gene IGF-I modified tumor cells and might thus explain their improved survival time.
The vaccinated glioblastoma patients had a prolonged survival time (19 and 24 months, respectively) compared to the range of 12-14 months in conventional therapy. For this reason, admitting that the group of glioblastoma patients treated with antisense/triple helix cell injection has given the significant results, all liver and colon cancer patients were treated, after surgery and radiotherapy with this type of therapy. Moreover, the period of 19 months, was chosen as the end of clinical observations in all treated cancer patients. At 19 months, all liver and colon cancer patients were alive and the treatments were well tolerated (we do not include the details of clinical observations concerning treated cancers, because it is not the subject of this work).
Discussion
Glioblastoma, as well as other CNS malignancies [14] [15] [16] 35] , were recently successfully treated by antisense therapy targeting TGF beta, using either antisense anti TGF beta expressing vector [36] or applying oligodeoxynucleotides [37, 38] . Using phosphorothioate TFG beta2 antisense oligonucleotides (AP-12009), an international phase II/III study was initiated in patients with TGF beta-overexpressing tumours such as high-grade gliomas, and by 2005-2006 the trial was ongoing in over 140 patients with anaplastic astrocytoma (AA) or glioblastoma; the treatment was very well tolerated. By 2007, overall survival was 24 months, and in the control group, survival was 20 months [37, 39] . Results from the clinical trials concerning other tumours over expressing TGF beta were also recently published (pancreatic carcinoma, metastatic melanoma or advanced colorectal carcinoma); the treatment was well tolerated in all types of tumour diseases [37] .
In anti-gene anti IGF-I approach, we have applied both antisense and triple helix technologies, stopping simultaneously the expression of IGF-I on translation and transcription levels [5] . Moreover, in vivo AS IGF-I approach was also developed [40] ; 45 patients with PHC were co-transfected in vivo with antisense IGF-I expression vector and sense B7.1 expression vector. At two years following treatment of PHC stage II, there was marked reduction in tumour recurrence -from 62 to 20%. After here described IGF-I antisense/triple helix strategy, all treated patients have well tolerated the three injections of transfected "cancer cells". The PBL cells have shown an increase in CD8 + CD28+ molecules with a characteristic switching from CD8+11b+ to CD8+11b-phenotype, observed after two cell vaccinations, reflecting the enhanced activation of cytotoxic T-cells in blood (Table 1, and Figure 2a) .
The work in progress has also shown in different treated tumours described here, an increased percentage of T CD25 (interleukin -2 receptor), in the context of CD4, which has confirmed the results obtained in glioblastoma treatment [5] .
The cellular therapy described here has shown that both cell populations, as well MHC-I and B7 expressing transfected cells as apoptotic cells, are necessary to induce in vivo an immune anti-tumour response involving APC activating CD8+ T cells [5, 28, 32, 41, 42] (Figure 2a ).
As far as the relationship between anti-gene anti IGF-I technology and immunogenicity is considered, the absence of IGF-I synthesis in "antisense" and "triple-helix" transfected cells, could lead to a compensative increase in IGF-I receptor (tyrosine kinase); IGF-I and IGF-II present in foetal calf serum of culture medium, as well as intracellular IGF-II can interact with the type I receptor [33] . Indeed, the increase of IGF-I receptor level could explain the expression of B7. There is a relationship between the signal transduction pathway of tyrosine kinase and the induction of B7 molecules: enhancement in B-7 co-stimulation through a cAMP mechanism linked to tyrosine kinase of the CD 28 receptor has been previously reported [43] . The co-stimulatory B7 molecule in antigen presenting cells (APCs) is bound to the counter-receptor CD28 and/or CTLA4 expressed on the Tcells [14, 44] .
The immunogene therapy represents a novel approach for cancer therapy. The understanding of molecular biology of cancer cells has progressively helped to identify the different molecular pathways altered in various cancers. Activation of the PI3K/AKT/GWK3/GS pathway is mediated by some tyrosine kinase receptors, under the control of several growth factors and cytokines as EGF, PDGF, VEGF, TGF beta, CSF and especially IGF-I, whose receptor, IGF-I-R, plays a principal role in the tumor growth process [3, 4, 5] (Figure 2b ).
As far as PI3K/AKT/GWK3/GS pathway (in relation with glioma) is considered, it was recently demonstrated that in experimental antisense anti glycogene synthetase, GS, tumor therapy, the transfected AS GS cells were also immunogenic (MHC-I expression) [48, 49] . Anyway, in AS GS strategy an immune anti-tumor response was not as striking as when using AS IGF-I approach. This shows that AS IGF-I appears as a dominant tool for the arrest of tumour progression. Moreover, targeting IGF-I instead of IGF-I receptor seems more efficient: because of downstream elements involved in the IGF-I-R transduction pathway, signals from GF-I-R can be inappropriate or exaggerated [4] . Nevertheless, if crosstalk of IGF-I's related different pathways is considered, IGF-I, through its binding to IGF-I-R, which activates PI3K/AKT transduction cascade, has been reported to block the apoptosis pathway (IRS/PI3K/AKT/Bcl or AKT/GSK3 or Ca 2+ or caspases) [3, 5] . The final result 3,5of AS IGF-I approach including the TK/PI3K/AKT pathway elements inhibition is an immune response mediated in vivo by lymphocytes T CD8 and APC cells [50] . 
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